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INTRODUCTION
A great interest is currently devoted to hybrid multifunctional materials combining different physical properties. One of the main goals of our recent work in this direction has been the search for a possible interplay between conductivity and photochromism in molecular conductors by incorporating photochromic metal complex anions into the radical cation salts of typical organic π-donors such as BEDT-TTF, BEDO-TTF, EDT-TTF, DOET, TTT and TSeT [1] [2] [3] [4] [5] [6] [7] [8] . It was shown that the corresponding radical cation salts can differ in composition, stoichiometry, type of conducting radical cation layers in their crystals, and therefore, can also exhibit different physical properties. Thus, it would be interesting to extend the family of the organic π-donors used in these studies. In this context, our attention has been recently focused on the NP containing salts of 2,5-bis(1,3-dithiolan-2-ylidene)-1,3,4,6-tetrathiapentalene (BDH-TTP), and mono-and diamide derivatives of ethylenedithiotetrathiafulvalene (EDT-TTF) : [EDT-TTF-CONH 2 ] and [EDT-TTF-(CONH 2 ) 2 ], respectively.
BDH-TTP, a non-TTF donor, provides many metallic salts stable down to low temperatures [9, 10] and new superconducting salts have been obtained based on a dithiane analog of BDH-TTP, BDA-TTP [11] . Amide functionalized EDT-TTF donors have the ability to form hydrogen bonds in the crystal and a network of hydrogen bonds of the type cation⋅⋅⋅cation as well as cation⋅⋅⋅anion can exist in their radical cation salts. The existence of hydrogen bonds can effectively affect and control the relative orientation of the organic donor molecules within the conducting stacks or layers, and as a consequence, the transport properties, thus providing additional opportunities for the design of novel molecular conductors [12] [13] [14] [15] [16] .
BDH-TTP salts
The main crystal data are: a=8.210 (1) (Fig.1a,b) where κ-type radical cation layers of nearly perpendicular BDH-TTP dimers (Fig.1c ) alternate with the anions slabs. The inherent crystal and electronic structures of the donor layers and conformation of BDH-TTP are essentially identical in the 1 and 2 in spite of considerable differences in their symmetry as well as the composition and the anion structures. The presence of solvent molecules in 1 lowers the symmetry and changes somewhat the shape of the Fermi surface. Both salts are 2D organic metals down to 4.2 K albeit without superconducting transitions (Fig.1d) . The lack of superconductivity is likely to be a consequence of disorder within the cation layers which is observed even at low temperatures. Note, that the conducting layers in 1 and 2 are very similar to those in the organic metals κ-(BDH-TTP) 2 PF 6 [9] and κ-(BDH-TTP) 2 FeCl 4 [10] . The fully ionic salt 3 is a semiconductor. So, it was shown that BDH-TTP, like BEDT-TTF, can form two-dimensional and metallic mixed valence radical cation salts with photochromic NP anions. Comparing these salts, it should be noted the next points. (i) The BDH-TTP and BEDT-TTF salts are not isostructural and their conducting layers are of different types. (ii) The incorporation of solvent into the composition of BDH-TTP salts does not essentially change the inner structures of conducting layers and the transport properties. In the BEDT-TTF salts the type of neutral guest molecule plays a crucial role in determining the physical properties [7, 17, 18] . (iii) It is known that radical cation salts of BEDT-TTF are isostuctural to the corresponding salts on the bis(propylendithio)tetrathiafulvalene (BPDT-TTF), a structural isomer of BDA-TTP. BDH-TTP and BDA-TTP salts, however, are not isostructural [9, 11] . Probably, the main reason is the difference of the BEDT-TTF and BDH-TTP donor HOMOs, so that although the two donors are structurally similar and have approximately the same molecular volumes, from the electronic viewpoint they can be considered as different [9, 21] . (Fig.2a) . The anions are intercalated between them. Within the donor slab, the stacks are dimerized (Fig.2b,c) . Many short intra-and interstack contacts exist in the π-donor layer. A network of hydrogen bonds provides the organic-organic as well as the organic-inorganic interface. The salt 4 has semiconducting properties (σ rt =1.5x10 6 ], and crystal structure. These facts demonstrate that in the future we can endeavor to control the chemical bandwidth by introducing isosteric anions in order to change the electronic states and physical properties. 
